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AB A neutralizing anti-interleukin- ( IL- ) 8 monoclonal antibody was humanized 
by grafting the complementary determining regions onto the human IgG 
framework. Subsequent alanine scanning mutagenesis and phage display 
enabled the production of an affinity matured antibody with a >100-fold 
improvement in IL-8 binding. Antibody fragments can be efficiently 
produced in Escherichia coli but have the limitation of rapid clearance 
rates in vivo. The Fab 1 fragment of the antibody was therefore modified 
with polyethylene glycol (PEG) in order to obtain a more 
desirable pharmacokinetic profile. PEG (5-40 kDa) was 
site-specifically conjugated to the Fab 1 via the single free 
cysteine residue in the hinge region. In vitro binding and 
bioassays showed little or no loss of activity. The pharmacokinetic 
profiles of the 20 kDa, 30 kDa, 40 kDa, and 40 kDa branched PEG 
-Fab 1 molecules were evaluated in rabbits. Relative to the native Fab 1 , 
the clearance rates of the PEGylated molecules were decreased by 
44-175-fold. In a rabbit ear model of ischemia/reperf usion injury, all 
PEGylated Fab 1 molecules were as efficacious in reducing oedema as 
the original monoclonal antibody. These studies demonstrate that it is 
possible to customize the pharmacokinetic properties of a Fab' while 
retaining its antigen binding activity. 
Copyright 2001 Academic Press. 
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AB The present invention relates to novel methods for making and refolding 
insol. or aggregated proteins having free cysteines in which a 
host cell expressing the protein is exposed to a cysteine 
blocking agent. Blocking of free cysteines prevents the crosslinking of 
proteins into large insol. aggregates, keeping them in soln. and 
simplifying purifn. and increasing the yield of the biol. activity. The 
sol., refolded proteins produced by the novel methods can then 
be modified to increase their effectiveness. Such modifications include 
attaching a PEG moiety to form PEGylated 
proteins. The PEGylated proteins of the 

investigation include recombinant cysteine variants of members of the 
growth hormone supergene family such as: growth hormone, granulocyte 
colony-stimulating factor, granulocyte macrophage colony-stimulating 
factor, and . alpha . -interferon . 
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es to novel methods of making sol. 



proteins having free cysteines in which a host cell is exposed to 

a cysteine blocking agent. Blocking of free cysteines prevents the 

crosslinking of proteins into large insol. aggregates, keeping 

them in soln. and simplifying purifn. and increasing the yield of the 

biol. activity. The sol. proteins produced by the methods can 

then be modified to increase their effectiveness. Such modifications 

include attaching a PEG moiety to form PEGylated 

proteins. The method can be used with intracellular or secretory 
expression systems and involves adding a thiol protective agent to the 
culture medium, either during the culture process or immediately before 
cell lysis. The use of cystine to prevent aggregation of analogs of human 
growth hormone contg. addnl . cysteines is demonstrated. 
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AB Adding a single PEG mol . to a protein can markedly 

extend its serum half-life. By directing where the mono- 
PEGylation occurs, we can reduce the clearance rate without 
adversely affecting the biol. activity of the protein. We have 
used PEG vinylsulfone for site-specific modification at 
free cysteine residues and PEG aldehyde for 

selective modification of the N-terminal alpha amino group. Several 
issues have been encountered that effect both the yield and quality of 
monoPEGylated proteins. These issues include PEG 

linker purity (both in terms of the degree of activation and size 
homogeneity), PEGylation conditions, PEG linker 
stability and, in the case of PEG aldehyde, sodium 

cyanoborohydride quality. Examples of each of these will be presented, as 
will some of the ways in which these problems have been addressed. 
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AB The current review presents an update of drug delivery using poly ( ethylene 
glycol) (PEG), that focuses on recent developments in both 
protein and organic drugs. Certainly the past 10 years has 
resulted in a renaissance of the field of PEG drug conjugates, 
initiated by the use of higher molecular weight PEGs 

(M (w) >20, 000) , especially 40,000 which is estimated to have a plasma 
circulating t(l/2) of approximately 10 h in mice. This recent 
resuscitation of small organic molecule delivery by high molecular weight 
PEG conjugates was founded on meaningful in vivo testing using 
established tumor models, and has led to a clinical candidate, PEG 
-camptothecin (PROTHECAN. RTM. ) , an ester based prodrug currently in phase 
II trials. Additional applications of high molecular weight PEG 
prodrug strategies to amino containing drugs are presented: similar 
tripartate systems based on lower M(w) PEG and their use with 
proteins is expounded on. The modification of a benzyl elimination 
tripartate prodrug specific for mercaptans is presented, and its 
successful application to 6-mercaptopurine giving a water soluble 
formulation is discussed. Recent novel PEG oligonucleotides and 
immunoponjugates are also covered. Clinical results of FDA approved 
PEGylated proteins are also presented. . COPYRGT . 2002 
Elsevier Science B.V. All rights reserved. 



